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An a n a l y s i s  o f  t h e  b e n e f i t s  and cos t s  o f  h i g h  aerodynamic e f f i c i e n c y  on 
ae roass i s t ed  o r b i t a l  t r a n s f e r  v e h i c l e s  (AOTV) i s  presented.  These r e s u l t s  
show t h a t  a  h i g h  l i f t - t o - d r a g  (L/D) AOTV can ach ieve s i g n i f i c a n t  v e l o c i t y  
sav ings r e l a t i v e  t o  low L/D aerobraked OTV's when t r a v e l i n g  round t r i p  between 
low Ea r t h  o r b i t s  (LEO) and a l t e r n a t e  o r b i t s  as h i g h  as geosynchronous E a r t h  
o r b i t  (GEO). T r a j e c t o r y  a n a l y s i s  i s  used t o  show t h e  impact  o f  thermal  
p r o t e c t i o n  system techno logy  and t h e  importance o f  l i f t  l o a d i n g  c o e f f i c i e n t  an 
v e h i c l e  performance. The p o s s i b l e  improvements i n  AOTV subsystem techno log ies  
a r e  assessed and t h e i r  impact  on v e h i c l e  i n e r t  we igh t  and performance n o t e d .  
F i n a l l y ,  t h e  performance o f  h i g h  L/D AOTV concepts i s  compared w i t h  t h e  
performances o f  low L/D ae roass i s t ed  and a l l - p r o p u l s i v e  OTV concepts t o  a s s e s s  
t h e  b e n e f i t s  o f  aerodynamic e f f i c i e n c y  on t h i s  c l a s s  o f  v e h i c l e .  
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Aerospace Company. 
https://ntrs.nasa.gov/search.jsp?R=19850008687 2020-03-20T20:38:58+00:00Z
1 .OM.DM 
MOONS ORBITAL ALTITUDE 
5% g E o  
. 
RETURN AT C 
MISSION 
ORBIT 
ALTITUDE 1 0 . m  
N V,. 
............................. 
" INDIRECT ASCENT 
USING 3.BURN 
ORBIT TRANSFER 
WITH SYNERGISTIC 
DIRECT RETURN 
0 ..' , . . . . I  
.....'' 6 Ht 
...a 
.... POLAR 
..... 
lFROU SOCI 
25 
B 10d N. Mi. CIRCULAR ORBIT 
1w 
IMCL lNAT lON CHANGE, deg 
Figurn 2 Edfst of Vehicle L/D on Plane -amp &1;1pabkiity 
: SYNERGISTIC PLANE INDIRECT 3-BURN 
. CHANGES AT BEGINNING TRANSERS OUT 
: AND END OF MISSION .. AND BACK WITH 
. AEROASSIST AT PERIGEES 
' 
10 20 30 40 M M 70 
INCLINATION CHANGE F R L M  INIT IAL LEO ORBIT TO MISSION ORBIT. DEGREES 
OBJECTIVE 
FLY OVER W E  U O T  
ON EARTH IN TIIO 
WCCEWVE O R 8 I N  
RESULTS 
h*. - o.oocs1 1nrXcon6, SIN cc$,t 
OR 
bk 0 . m 7  UX*~SIN II +LI 
FOR h 100 NMl 
PERTINENT FORMULA 
W . r , + h  
AL - Znr, iTJ241 COSVL 
X-~USIN(I.+~I 
X -  A n n  
A1 - 211,/H iTo/241 COSeL SIN (beL) 
WHERE: 
A - INSTANTANEOUS AZIMUTH 
CHANGE 
( L m  LATITUDE 
I -ORBIT INCLINATION 
h - AVERAGE ORBIT nEIanT 
to - EARTH RAOIUS 
- ORBU PERIOD - In/- in?" 1% 
21.4 DEOREES M R  ZERO 
LATITUDE A n 0  M U R  INITIAL 
Figure 3. Synwgittic P lene~ehan~  Maneuwr fw Ground-Bad 
AOTV 
I PROBLEM I 
ITI U W H  INCLINATION. DEOREEI 
Figure 4. Ground-Bud A 0 T V Insertion Weight 
U D W - Z 1 8 ~ = - 1 ' 1 D E Q  
CLMM - 0.73 0 45 DEO 
'=D B C ~ Y A X  - 0.w 
PROPELLANT C W X I T Y  
FORWARD LO? - 10 .m r e  
AFT  LO^ TOROID - m , m  La 
LHI - 5 . W  LB 
END OF YISSIDN E m  WEIGHT 
CURRENT TECHNOLDGY - 13.000 LB 
NORMAL GROWIH - 12.268 LB  
ACCEL. GROWTH - 11,302 LB CObl*tO*( CORE 
ADVANCED CARBONEARBOM 
FABRIC 
T P9 
CONFIGURATIONS FEATURES 
R E F  AREA - 1273.125 F T ~  
L A  MAX -2.65 OP-0 DEO 
PROPELLANT CAPACITY 
LO2 - 35.W L B  
LH2 - 8.000 LB 
END OF MISSION EMPTY WEIGHT 
CURRENT TECHNOLOGY - 17.03 I 
NORMAL GROWTH - 1 e . m  LB 
ACCEL. GROWTH - 14.177 L a  
EXTEWDASLE 
-FABRIC TPS ELEVOMS FOR ROLL TRIM 
i 
OAGMAL PPGt I& 
OF POOR QUALlPZ 
- 
C 
z 
T I E .  T, S C .  
T I E .  1 .  SEC. 
.2100Et 1  
-2w0E*1 
% 1 m t ,  
i 1 2 0 ( r + l  
aeoactt 1  
C, 4mCEt 1 
Y 
T I Y .  1. SEC. 
Figure 7. Inflatable Chine A 0 TV 5xG EO Reentry Trajectory 
Comparison 
0 100 200 300 400 500 600 700 
TIME.  1. SEC. 
Figure 8. Space-Bwd High L/D A0  TV 
Optinuied G EO Reen try Tral'ectory 
0 100 200 300 400 500 600 700 
T I E .  T .  SEC. 
T IME.  1.  SEC. 
28 
2 4 
- 20 
18 
- d 12 
5 - 8 4 
P - 0 0 100 2 00 300 400 550 600 700 
TIME. 1. SEC. 
Figum 8. Space-Based High L/D AOTV 
Optimized G EO Reentry Twectory (Con t'd) 
OR~GWWL PAGE ~5 
OF POUR QUALIV 
LOGARITHMIC (EQUIANGULAR) SPIRAL r ~ - ~ ~ c o T ~ e  
1 
L 
" x  
Figure 9. Aeromneuwr in Velocity Space 
WWC ~ u c u N ? l u u m A 1 I w  
OEO RCLNTIIV TRNLCTOAV 
KZELEFlATLD GROYITH MEAT COWFTRAINT ~ Q R E F  - JDO OTU/R~.SEC~ 
NORMAL GROWTH 
m - 
Figure 10. Impact of Healing Constraints on Aero Plane-man@ 
C8pabiBl'v 
LIFT GROUNDBASED - / I 1 
- - .- . . - - 
COEFFICIENT G R O U N D W E D  
fW/CLAt. S F  100 1 NORMAL GROWTH INFLATABLE 
HEATING M N S T I I A I N T  CHINES 
Figure 1 1. Impact of Heating Gonstrannts on Reentry L/D Rati~o 
Figure 12. Synergistic A tmospheric Phase 
B I&aE 
Figurn 14- Ground-Baed ad@ MiMon 
Figure 15. Spacs-Based Sofije Mission 
CONSTANT ANGLE OF ATTACK FOR LID MAX 
MAXIMUM HEATlNG RATE el50 - 
FT~-SEC 
" 45 DEGREE PLANE CHANGE USING SPACE-BASED A O W  
Figure 16. Variaobn in L/Dm Over Synergistic Plane-Change 
Trajectory 
A INC 045 DEG, L / D M A ~  " 2.65, 
9 3 

1 M M  
1OaXl 
TOTAL 
MANEUVER 
A V  WACEJ3ASED A O N  - - - , -- 
IFTIsI ___------ 
/'POTENTIAL 
Av SAVINOS w l r n  
ACCELERATEOGROWTH 
TPS TECHNOLOGY 
TRANSITION LIMITED 
*THRUST LIMITED 
5000 
GYNERCISTIC MANEUVER AV'I 
lW NU1 INITIAL AND FINAL 
ORBITS  
L I D  - 2.869 
Figure 79. lmpact of TPS Technology on Space-Based AOTV 
PACE. 
W E D  
wp.QOu 
6.0. 
ROWD TRIP 
PAYLOAD 
U* 
4.- - 
z.m-. 
0 
ALL VEMICLEl n4VE A m  L U  
1URVlVAlUTV *WD WROINI*Q 
ALLQ(UICS 
- 
L I F T I W  
BRAKE 
AERQ 
MANE W E R  
WPlpaZU 
ALL. 
r n w u t v e  
w..bo(( 
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